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Effects of Eggshell Powder on Clubroot Disease Control and the
Growth of Chinese Cabbage
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Blending of eggshell powder into soil as ratio of 1:5, 1:10, 1:15, 1:20, and 1:25 did not affect seed germination
rates of several crops including Chinese cabbage. The blending increased pH of distilled water and decreased
the viability of resting spores of Plasmodiophora brassicae. The ratio of non-viable resting spores in eggshell-
blending water was over five times higher than in distilled water of the same pH. Chinese cabbage (cv.
‘Norangbom’) grew more in eggshell-blended soil than in non-treated soil, but other crops grew less. Leaf
numbers and above ground growth of Norangbom increased to around 150% and 470%, respectively, in soil
blended with 1:20~1:15 of eggshell powder. Even though the optimum sizes of eggshell powder were 0.8~2.0
mm for growth and smaller than 0.4 mm for inhibition of clubroot disease of Chinese cabbage, there was no
statistical difference among the sizes. Soil pH was above 8.0 in all eggshell treatments without any statistical
difference among them. Eggshell powder blending to 1:20 showed lower control efficacy, 58.5%, than regis-
tered fungicide ‘Hokanna (flusulfamide)’, 78.5%. However, Chinese cabbage of that blending ratio recorded
the highest growth among the treatments. Therefore, blending of eggshell powder into clubroot-contaminated
soil may make culture of Chinese cabbage possible by growth-increasing, even though eggshell powder could
not inhibit clubroot disease entirely.
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2000b). wWEtA ESe] A E A3 33l pHE =
A FAAA FohdE o] He 2AS 29 £ s Ao
Z dHA Atk (Osozawa 5, 1994).
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cv. Norangbom, 3-5%8) A& 94§ FEMZA)

= BuE(Brassica campestris
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BEHLRE S8 AFA visd site FAmAH
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Fig. 1. Typical symptom (A} and scanning eleciron micrograph
(B) of resting spores of clubroot disease caused by Plasmodio-
phora brassicae on Chinese cabbage.

Fig. 2. Fluorescence micrograph of resting spores of Plasmodio-
phora brassicae stained with calcofluor white M2R and ethidium
bromide. V: viable (spores emitting blue fluorescence from the
spore wally N: non-viable (spores emitting red fluorescence).
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Fig. 3. Changes in effect of eggshell and pH of the medium on the
viability of resting spores of Plasmodiophora brassicae causing
clubroot over time.
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F R F o] TApgelg FA oA 96.5%=
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Table 1. Seed germination rates (%) of some crucifers and non-crucifers in soil blended with eggshell powder

. Eggshell powder : Soil (v/v) Control
Crop Variety .
1:5 1:10 1:15 1:20 1:25 (soil only)

Chinese cabbage  Norangbom 65.0b 73.5ab 81.5ab 89.5ab 80.0ab 96.5a
Chinese cabbage  CR green 96.0a 96.0a 98.5a 93.0a 96.0a 100.0a
Cabbage Hambac 89.5a 94.5a 95.5a 95.0a 93.0a 90.5a
Pepper Manita 90.0a 87.5a 97.0a 89.5a 96.0a 81.0a
Cucumber Bakdadagi 97.5a 92.0a 98.5a 97.5a 99.5a 100.0a
Tomato Superdoterang 85.0a 93.0a 85.5a 88.0a 88.5a 93.5a

Rates in the row labeled with the same letter are not significantly different in Duncan's multiple range test (P=0.05).
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Table 2. Fresh weight (g) of above ground part of some crucifers and non-crucifers grown in eggshell powder blended soil

Crop Variety Eggshell : Soil (v/v) C_ontrol
L:5 1:10 1:15 1:20 1:25 (soil only)
Chinese cabbage Norangbom 27.8¢c 40.0bc 49.4ab 64.0a 46.1b 39.9bc
Chinese cabbage CR green 22.3b 26.4b 24.9b 30.0b 29.5b 38.3a
Cabbage Hambac 6.9b 13.5ab 14.2ab 11.8b 13.5ab 19.9a
Pepper Manita 0.2b 3.5ab 6.2ab 6.0ab 6.3ab 9.7a
Tomato Superdoterang 0.1b 0.6b 2.4b 1.3b 5.1ab 17.8a

Rates in the row labeled with the same letter are not significantly different in Duncan’s multiple range test (P=0.05).

18.0 ¢

12.0

8.0

Leaf numbers

4.0

Hokanna Control

Treatment (eggshell : soil, viv)

Fig. 4. Effect of eggshell powder blending into soil on leaf growth
of Chinese cabbage inoculated with Plasmodiophora brassicae.
Control: soil only. Hokanna: fungicide for clubroot (20 kg/10 a).
Error bars represent the standard deviation. Columns labeled with
the same letter are not significantly different in Duncan’s multiple
range test (P=0.05).

.

Eggshell (1:20)

Fig. 5. Growth and clubroot development of Chinese cabbage
grown in soil blended with (right) and without (left) eggshell
powder and inoculated with resting spores (10%/mi) of Plasmo-
diophora brassicae.

o} 2] A= EUcHFig. 6).

A7 i euRAS dA A7) met PR &
3 BFolM ] W3 ASE M A Y}
0.8~2.0 mm$l A 2|FAX A A4R-] ZA 7} 434 g0 2 7}
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110.0 1 b .
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Fresh weight (g)

20.0
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15 1:10 118 1:20 1:25 control Hokanna
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Fig. 6. Effect of eggshell powder blending into soil on the growth
of Chinese cabbage inoculated with resting spores (10%mi) of
Plasmodiophora brassicae. Hokanna: fungicide (flusulfamide)
for clubroot (20 kg/10 a). Control: soil only. Columns labeled
with the same letter are not significantly different in Duncan's
multiple range test (P=0.05).

Table 3. Effect of eggshell particle size for soil blending on clu-
broot disease severity and the growth of Chinese cabbage

Eggshell particle size (mm)
04~ 08~

<04 0.8 20 >2.0
Above ground fresh weight (g) 37.0a 37.8a 434a 38.2a
Disease severity (%) 176a 229a 179a 26.8a

 EUAT OE A tebe] BAA FoAfe Holx] o
SITH(Table 3).

9273 YR=Z7)8 gl g o
P brassicaeE AFAES @284 g B9
A g4 MEl3t BF pH 8.0 o|4e2 A4 v
Wil S A ikl SAA freis 2olA] i)
FA g 7ol oA g5 25 pH 7.501812 g4
A+ 2o} A JERTHFig. 7).

@) 4R are eg e FaAlA oA

E W3l
pHE X
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1:05 1:10 1:15 1:20 1:25 Hokanna Control

Treatment (eggshell : soil, viv)

Fig. 7. Effect of the eggshell powder blending on soil pH.
Hokanna: fungicide (flusulfamide) for clubroot (20 kg/10 a).
Control: soil only. Error bars represent the standard deviation.
Columns labeled with the same letter are not significantly differ-
ent in Duncan’s multiple range test (P=0.05).

100
80
60

40

Control value (%)

20

0

1:5 1:10 1:15 1:20 1:25

Hokanna

Treatment (eggshell : soil, viv)

Fig. 8. litnhibory effect of eggshell powder blending into soil on
clubroot disease of Chinese cabbage inoculated with resting
spores (10%mi) of Plasmodiophora brassicae. Hokanna: fungi-
cide (flusulfamide) for clubroot (20 kg/10 a). Control values were
calculated by disease severities of treatments and soil only (no
treatment). Error bars represents the standard deviation. Columns
labeled with the same letter are not significantly different in Dun-
can’s multiple range test (P=0.05).

2] HoE T2 VXA f= Aoz YEhgt &
Ao 2E Y4AA7) 0.4 mm |3t Aol W o)
7P AR o2 M ae vnd o 544 o3t
£ Holx] ¢ktth(Table 3).
o, @27l wigu| gl e FAleE 2 ES
HH Skl Hepelr e AAFe FAgTROE oF
7.0% A= GoR o, FAuAY w7 78.5%E 7
& EUTHFig. 63 8). AFH-2 Ago] 71 2UH 20:1
o] @7 A A FolAy FEAlulde gg A vt
58.5%%% Zht Aol Hlgte] 30% F= AR L
o, 5:19 @A XF GA BA ) 60.8%E o2
22 A ARt ko) oA Ay Boke
SokTthHFig. 8). M5 A8 RE @443 ATl
A g ARl Sy AR 3R A T
9244 A7 FARAY YA a3E Soht A

P - olgst - XA

TR oha HolHtkFig. 6).
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o] %*é—‘io} Ca™?]l @Z4AS FAmpA o] whao] A}

ATH AA R 2 At Ax @S B Ao x
AMgE ZaE9] FApdold] M JgFS F] @gieh. ol
FARRAR ] A AEQ e oM s gy
2ol EF Wl wi@n]go] ol uwelr] FApolgo)
oA e A4S Holrle oy SAF s A
gl 7ek ztol7t Qle Ao Jedtl. &, Edk @y
de FrhetAA® FEQ wolgds Wit gls Ao
deEnh v, 2Ee g glojME o9k Wi
gol veh, gt 3ol s Bg g d=20:1 A
glrollM 7P F2 ASS Bl v, 02 AEAM =
T FAEAA kel M FodTh &, Y Bl E
Ao o e E 2ol 93l e 4%
= Asfste 2oz veidth ueid @242 e s
A Qsle g AFo] AR A9t AL F 3]
ol Ed @44 Ee H2shr] dsiMe AEF A
YA 7)ok Mg AAstedor & Bavt ok

Hj s FAbk R 227 BleA v wrt 2bE 9}
A &3H3L, pH 6.0 ©]3le] A EokoA & wagsiv
U8l P brassicae?] FHEARE pH7F Fol@d] oat
;\-] ﬁla_x o] “4ﬂ11q1 olngq o) ocq m—o],i]/ﬂ pHﬁ
0~6.2013, pH 8.0 o|dellA = ol 4= gir). ular

=

_4

ol

(=)

Eokel #E¥elE EA¢] sl pHE =A AXsH W
HAE Y Sdvhe o] Mtk &, 2000b). &
ArolME, @242 8 A93e o pH7t Asste F
AR B AA Eo Zl—t— S #FAT F
Ax2E 20 FE&A0l 37 vie) sIE W &
2gstee FAE oF el 7h7be] HA= (Fig. 4), ©f
© FHAEA pHe BAE A3 Myerset Campbell

(1985)8] 239} Axshe Zolch, 25L 2

= &7 k)
Fo] wHe gAY By sy, T w9
A 712 WelAe Zadoh v 2 AddMe &
Ferol 24 A HRvg Huiksk g FHEAE by
Fate EgAsE S &A}é‘}ﬂguz ﬂg@ zq 99%
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A& A 8k 7]—r°ﬂ Aty MYt 25 E W
a2t S Aolmz a5 ¥ WA Wt g i
3t 4 g Zolgr Azt
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7Frde] 47 271 7b A&rE W
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oz de) 4Ak Z717F 2 mm olEtl M= AR
o] Ao Eﬂ;@} Figiz] Wiol, 24 Held we
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